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Abstract
OBJECTIVE: To examine whether color parameters
of tongue inspection (TI) using a digital camera
was reliable and valid, and to examine which color
parameters serve as predictors of symptom
patterns in terms of East Asian medicine (EAM).
METHODS: Two hundred female subjects' tongue
substances were photographed by a mega-pixel
digital camera. Together with the photographs, the
subjects were asked to complete Yin deficiency,
Phlegm pattern, and Cold-Heat pattern
questionnaires. Using three sets of digital imaging
software, each digital image was exposure- and
white balance-corrected, and finally L*
(luminance), a* (red-green balance), and b*
(yellow-blue balance) values of the tongues were
calculated. To examine intra- and inter-rater
reliabilities and criterion validity of the color
analysis method, three raters were asked to
calculate color parameters for 20 digital image
samples. Finally, four hierarchical regression
models were formed.
RESULTS: Color parameters showed good or
excellent reliability (0.627-0.887 for intra-class
correlation coefficients) and significant criterion
validity (0.523-0.718 for Spearman's correlation). In
the hierarchical regression models, age was a
significant predictor of Yin deficiency (β = 0.192),
and b* value of the tip of the tongue was a
determinant predictor of Yin deficiency, Phlegm,
and Heat patterns (β = － 0.212, － 0.172, and
－ 0.163). Luminance (L*) was predictive of Yin
deficiency (β = － 0.172) and Cold (β = 0.173)
pattern.
CONCLUSION: Our results suggest that color
analysis of the tongue using the L*a*b* system is
reliable and valid, and that color parameters
partially serve as symptom pattern predictors in
EAM practice.
© 2016 JTCM. All rights reserved.
Key words: Medicine, East Asian Traditional;
Complementary therapies; Tongue inspection; Yin
deficiency; Symptom pattern
INTRODUCTION
East Asian medicine (EAM), tongue inspection (TI) is
a process which involves visually inspecting the body of
the tongue for color, shape, moisture, and movement,
165
JTCM |www. journaltcm. com April 15, 2016 |Volume 36 | Issue 2 |
Park YJ et al. / Clinical Study
and the tongue coating for color, thickness, and
distribution.1 According to EAM, the tongue is directly
connected to the internal organs through the heart,
liver, spleen, lung, kidney, and urinary bladder
meridians.2 As the tongue is a sensitive mirror for
changes in internal organs, TIs serve as an important
guide in determining pathological patterns. For
example, pale redness of the tongue proper refers to a
blood deficiency or Cold pattern, whereas dark redness
or blueness of the tongue proper refers to an
aggravated Heat or Cold pattern.3 Thickness of the
tongue coating is associated with a Phlegm or food
retention pattern.3 The pattern (or symptom pattern)
refers to a group of symptoms, defined in terms of
EAM theory, whereby a medical condition is
diagnosed and treated in EAM practice.
Although TI is an important diagnostic method to
identify symptom patterns, expertise is a matter of
subjective experience, and the results of the TI are
influenced by environmental factors, such as light
source or brightness.4 Moreover, the results of
traditional TIs are obscure, expressed in the form of a
three or four rank scale, such as "pale," "normal,"
"red" and "dark red," which is problematic when
attempting to quantify and establish efficacy.2,3 Some
studies have been conducted to quantify the results of
traditional TIs and are categorized into two types: the
development of medical instruments and the facili-
tation of mathematical algorithms. Kim et al 5,6
developed a digital tongue imaging system and
reported that the thickness of the tongue coating was
reliable and well-matched to clinician assessment.
Yamamoto et al 7 reported that hyperspectral imaging
system results for the tongue images were a feasible
surrogate for expert visual tongue analysis. In terms of
the facilitation of algorithms, Pang et al 8 and Watsuji
et al 9 reported that Bayesian networks and fuzzy
theory were useful for determining diseases or sym-
ptom patterns, respectively. However, these ins-
truments and algorithms have some limitations in
terms of broad application because the instruments are
not widely used, and there is a need for special
knowledge to apply the algorithms. Therefore, an
assessment tool for TI that is popular, easy-to-use, and
can present quantitative parameters is needed.
Recently, the usage of mega-pixel digital cameras has
been widely adopted in various medical fields,
including dentistry, ophthalmology, and
dermatology.10-12 Moreover, parameters of color
systems, such as RGB (red, green, blue) and L*a*b*
(luminance, red-green balance, yellow-blue balance),
can be calculated using digital imaging software, such
as Adobe Photoshop and Picture Color Analyzer.13 The
L*a*b* system is one of the standard color models used
to describe all visible colors and presents information
regarding luminance.13 Some studies have performed
reliability tests when conducting traditional TI or
applying a TI medical device.14-17 However, few studies
have addressed the intra-rater and inter-rater
reliabilities of color parameters of the L*a*b* system
using a popular digital camera and digital imaging
software. Therefore the first purpose of our study was
to calculate tongue L*, a*, and b* parameters using a
digital camera and digital imaging software and to
examine whether this color analysis method has
satisfactory intra- and inter-rater reliabilities. It is also
important to examine criterion validity, that is to say,
to examine whether the color analysis method results
using the L*a*b* system are consistent with those
evaluated by experts.6 As such, the criterion validity of
each color parameter was also examined, together with
intra- and inter-rater reliabilities.
The second purpose of our study was to examine
whether color parameters served as predictors of
symptom patterns which is a subcategory of a disease
or disorder in EAM. Although some studies have
reported the relationship between color parameters of
the TI and symptom patterns,7-9 few studies have
addressed the association of color parameters of the
tongue with validated pattern questionnaire measures.
Recently, the Yin deficiency questionnaire (YDQ), the
Phlegm pattern questionnaire (PPQ), and the
Cold-Heat pattern questionnaire (CHPQ) were
developed and validated.18-20
Together with the relationship between tongue color
parameters and symptom patterns, we examined aging
effect on the symptom patterns. It is generally accepted
that the thickness of the tongue coating is related to
the severity of Phlegm or Yin deficiency pattern.2 For
example, tongue surface is tinged with white or yellow
as Phlegm pattern develops, whereas it is tinged with
red as Yin deficiency pattern develops.2 Park et al 21
recently reported that there were aging effects on the
PPQ and YDQ scores in normal college students (n =
75). Therefore it may be important to examine
whether aging effects on the Phlegm and Yin
deficiency patterns can be replicated in patients, and to
evaluate which among tongue color and age is better at
determining symptom patterns.
In summary, in the present study, color parameters
were calculated using digital images and color analysis
software, and intra- and inter-rater reliabilities and
criterion validity tests were conducted. Finally, the
ability of the color parameters and aging for predicting
symptom patterns was examined.
METHODS ANDMEASURES
Subjects and data collection
This study was a chart review study, the entire process
of which is depicted in Figure 1. The electronic
medical records (EMRs) of all 200 outpatients that
visited Women's Health Clinic of the Kyung Hee
University Oriental Medical Hospital in Gangdong,
Korea from April 2011 to February 2012 were
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reviewed in this study. The female outpatients ranged
in age from 15 to 74 years [(39 ± 11) years], and their
gynecological problems included menstrual dys-
function, infertility, climacteric syndrome, post-
operative management, and post-labor management.
Each patient was asked to complete the YDQ, PPQ,
and CHPQ.18-20 In order to avoid time intervals
between the recording of symptom patterns and
determination of color parameters of the tongue, the
questionnaires were completed and tongue image
recordings were conducted on the same day for each
patient. The Institutional Review Board of the Kyung
Hee University Oriental Medical Hospital at
Gangdong approved this chart review study protocol.
YDQ, PPQ, and CHPQ
The YDQ consists of ten Yin deficiency pattern-related
items,18 the PPQ consists of 25 Phlegm pattern-related
items,19 and The CHPQ consists of 10 Heat
pattern-related and 10 Cold pattern-related items.20
The items on the YDQ, PPQ, and CHPQ are rated on
a 5-point Likert scale: 1 = disagree strongly; 2 =
disagree; 3 = neither agree nor disagree; 4 = agree; 5 =
agree strongly. The total scores of the YDQ, PPQ, and
Cold and Heat subscales of the CHPQ were used to
examine whether patterns of Yin deficiency, Phlegm,
Cold, and Heat were related to the color parameters of
the tongue.
Tongue image detection and analysis
In our study, tongue image detection and analysis were
conducted following the protocol of Seo's study.14 The
outpatients were seated on a chair in a room of normal
brightness and asked to expose their tongues. When
exposing their tongues, the subjects were asked to
locate the white reference paper (10 × 15 cm) by the
right edge of their tongue using their right hand
(Figure 2). With the angle between the tongue and
paper being parallel, the subjects' tongues were
photographed using a digital camera (D70s, Nikon
Co., Tokyo, Japan), and macro-lens (70 mm 1∶2.8 dg
macro, Sigma Co., Kawasaki, Japan) at a resolution of
3000 × 2000 pixels. If the surface of the tongue is
photographed using the direct light of the flash, the
imaged color of the tongue may be affected by the
saliva covering its surface. To minimize this bias,
Two hundred female outpatients
Taking a photograph of the outpatients'
tongue surface and white reference panel
Completion of pathological pattern
questionnaires
Random selection of
20 digital tongue
samples
Transporting the digital images to the
personal computer
YDQ (n = 10)
PPQ (n = 25)
CHPQ (n = 20)
Silkypix Developer
Copying of 20
samples and
randomly
mixing of the
40 samples
Correction of white balance and exposure
bias based on the white reference panel
Color Picture Analyzer
Cropping of the RET, TC, and TT regions
and calculation of mean R, G, and B values
Summing up the total
scores of the YDQ, PPQ,
and Cold and Heat
subscale scores of the
CHPQ
Each rater's
determination
of the L*, a*,
and b* values of
the RET, TC,
and TT regions
Three raters'
determination
of the L*, a*,
and b* values
of RET, TC,
and TT regions
Adobe Photoshop
Converting the mean RGB of the RET, TC,
and TT regions to L*a*b* values
Intra-rater
reliability tests
by each rater
Inter-rater
reliability test
by three raters Determination of the L*, a*, and b* values of
the RET, TC, and TT regions
Criterion validity test of tongue color
parameters, and examination of their
predictability of Yin deficiency, Phlegm,
Cold, and Heat patterns
Figure 1 Study flow chart
RET: right edge of the tongue, TC: tongue center, TT: tip of the tongue, YDQ: Yin deficiency questionnaire, PPQ: Phlegm pattern
questionnaire, CHPQ: Cold-Heat pattern questionnaire.
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indirect light, e.g., white ceiling-bounced flashlight
(Speedlight SB-600, Nikon Co., Tokyo, Japan), was
applied when photographing. After photographs were
taken, the digital images saved in the compact flash
memory were copied to the hard disk of a personal
computer. Each digital image was imported to the
Silkypix Developer Studio software (Ichikawa Soft
Laboratory Co., Ltd., Chiba, Japan) to correct white
balance and exposure variations, based on the white
color of the reference paper. When correcting
exposure, the red (R), green (G), and blue (B)
parameters of the white reference paper were regulated
within the levels of 210-215. However, the Silkypix
Developer Studio presented the R, G, and B
information of only a few pixel points, not for
thousands of pixel regions. This would have resulted in
sampling error, and therefore, each digital image was
imported to the Picture Color Analyzer software to
achieve the average R, G, and B values of thousands of
pixel regions from the images.22 We cropped three
regions of interest (ROIs) from the subjects' tongue
images: the right edge of the tongue (RET), the tongue
center (TC), and the tip of the tongue (TT). In terms
of the TC, 40 000-45 000 pixels of ROIs covered with
tongue coating were cropped. The RET and TT
images were cropped at the size of 20 000-25 000
pixels without tongue coatings. Auto-calculating with
the Picture Color Analyzer, the average R, G, and B
values of the RET, TC, and TT ROIs were determined.
Finally, the average R, G, and B values from the ROIs
were transformed to L* [luminance], a* [balance
between green (-) and red (+ )], and b* [balance
between blue (-) and yellow (+)] parameters using the
'color picker' tool in the Adobe Photoshop software
(Adobe Systems Inc., San Jose, CA, USA).
Reliability and validity tests
Before conducting reliability and validity tests, a
computer monitor was calibrated using Spyder Elite
(Datacolor Co., Lawrenceville, NJ, USA). To assess
inter-rater reliability, 20 samples among the 200 digital
images were randomly selected. After 30 min of
training in the use of the software programs, each rater
was asked to crop the ROIs of RET and TC and to
calculate the R, G, and B values of the ROIs using the
same monitor. Thereafter, the R, G, and B values were
transformed to L*, a*, and b* values. Among these
values, a* values were used to examine whether there
were significant agreements between the raters. To
assess intra-rater reliability, 20 digital images used to
assess inter-reliability were copied, and a total of 40
digital images were randomly presented to the three
raters. The three raters were asked to crop the ROIs of
the RET and TC for the 40 samples and to calculate
the L*, a*, and b* values. Among these values, a* values
were used to examine whether there was significant
agreement between the two sets of digital images for
each rater.
To assess criterion validity, the three raters were asked
to rate the redness of the tongue proper and the
thickness of the tongue coating on a 100mm visual
analogue scale (VAS) for 20 randomly selected digital
images. Thereafter, the relationship between the
redness of the tongue proper and the thickness of the
tongue coating as evaluated by the raters and the a*
values of the RET and TC were examined.
Statistical analyses
Intra-class correlation coefficients (ICCs) were
calculated to assess intra-rater and inter-rater
reliabilities. ICCs were considered to indicate excellent
reliability when greater than 0.75, fair to good
reliability between 0.40 and 0.75, and poor reliability
when less than 0.40.23 Spearman's correlations were
calculated to assess criterion validity. Thereafter, four
hierarchical regression models consisting of three steps
were formed to examine the associations of Yin
deficiency, Phlegm, Cold, and Heat patterns with age
and the L*, a*, and b* values of the RET, TC, and TT.
In the hierarchical models, the total scores of the
symptom patterns were used as dependent variables,
and all of the L*, a*, and b* values, and age were used
as independent variables. In the second step of the
models, the L*, a*, and b* values of the three ROIs
were used as independent variables. To examine
collinearity of the independent variables, the tolerance
and variance inflation factor (VIF) were calculated. In
the regression models, a tolerance below 0.1 or a VIF
above 10 was considered to determine collinearity
between the independent variables.24 All statistical
Figure 2 Two digital images of a female subject’s tongue and the white reference color
A: before; B after correcting the white balance and exposure. The range of R, G, and B values before correcting for the white refer-
ence color was 191-196, and the range after correcting for the white reference color was 210-215.
A B
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analyses were performed with SPSS 15 for Windows
(SPSS, Chicago, IL, USA). Values are presented as
mean ± standard deviation ( xˉ ± s). In all of the
regression models using stepwise methods and
Spearman's correlations, the significance threshold was
set at P < 0.05.
RESULTS
The mean values of the symptom patterns
questionnaire and color parameters of the three ROIs
are listed in Table 1. Table 2 lists the intra- and
inter-rater ICCs of the color parameters of the tongue.
Intra-rater ICCs ranged from 0.648-0.972, and
inter-rater ICCs ranged from 0.627-0.887. This
indicated that the color parameters of the tongue had
good or excellent reliability.23
Table 3 lists Spearman's correlations between the
average VAS scales of redness and thickness as
evaluated by the three raters and the a* values of the
tongue. The evaluated redness of the tongue proper
Questionnaire score or color parameter
Pathological pattern questionnaire
Color parameter
PPQ (score)
YDQ (score)
Heat subscale of the CHPQ (score)
Cold subscale of the CHPQ (score)
Right edge of the tongue
Tongue center
Tongue tip
L*
a*
b*
L*
a*
b*
L*
a*
b*
Mean±SD
77±21
25±7
26±6
58±10
55±7
25±5
18±4
63±6
16±4
11±4
48±7
33±5
20±4
Table 1 Descriptive characteristics of questionnaire scores and color parameters of the tongue
Notes: PPQ: Phlegm pattern questionnaire; YDQ: Yin-deficiency questionnaire; CHPQ: Cold-Heat pattern questionnaire; L*; luminance,
a*; balance between green (-) and red (+), b*; balance between blue (-) and yellow (+).
Table 2 Intra- and inter-rater ICCs of color parameters (L*, a* and b*) of the tongue
Region
Right edge of the tongue
Tongue center
Color parameter
L*
a*
b*
L*
a*
b*
Intra-rater ICC
Rater 1
0.969
0.954
0.926
0.970
0.960
0.972
Rater 2
0.922
0.817
0.897
0.966
0.862
0.923
Rater 3
0.830
0.648
0.701
0.904
0.773
0.869
Inter-rater ICC
0.735
0.627
0.748
0.843
0.764
0.887
Notes: ICC: Intra-class correlation coefficient; L*: luminance; a*: balance between green (-) and red (+); b*: balance between blue (-) and
yellow (+).
Region
Right edge of the tongue
Tongue center
Color parameter
a*
P-value
a*
P-value
Average VAS scale as evaluated by the three raters
Redness of the tongue proper
0.718
<0.001
-
-
Thickness of the tongue coating
-
-
－0.523
0.018
Notes: a*: balance between green (-) and red (+).
Table 3 Spearman's correlations between the average redness, thickness, and color parameter (a*) of the tongue
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had strong positive correlations with the a* values of
the RET (r = 0.718). The thickness of the tongue
coating as evaluated by the raters had moderate
negative correlations with the a* values of the TC
(r = － 0.523). As the tongue coating becomes
thicker, the tongue proper becomes concealed, and
the apparent redness of the tongue proper will
decrease.25 The results indicated that the color
calculating method proposed in this study had
significant criterion validity.
Table 4 lists regression models for the total scores of
the YDQ, PPQ, Cold, and Heat subscales of the
CHPQ. In the YDQ regression model, age was
predictive of YDQ score (β = 0.192). This indicated
that age should be considered when predicting the
Yin deficiency pattern based on the color parameters
of the tongue. The b* value of the TT was predictive
of Yin deficiency, Phlegm, and Heat patterns (β =
－ 0.212, －0.172, and －0.163, respectively). This
indicated that the b* value among the color
parameters was a determinant and robust predictor
of symptom pattern and fatigue. This also indicated
that the tongues of subjects with Yin deficiency,
Phlegm, and Heat patterns tended to lean towards
blueness. L* was predictive of Yin deficiency (β =
－ 0.172) and Cold (β = 0.173) patterns. This
indicated that the tongues of subjects with a Yin
deficiency pattern tended to be dark, whereas those
with a Cold pattern tended to be light.
DISCUSSION
In this study, color analysis of TI using three sets of
software exhibited good or excellent levels of
intra-rater (0.648-0.972 of ) and inter-rater
(0.627-0.887) ICCs. These results suggest that the
L*a*b* parameters of the TI using a cost-effective
color analysis method are both reliable and valid. We
found that age was a significant predictor of YDQ
score. Aging phenomena, including lowered
cognizance and sexual function, are related to Yin or
Yang deficiency in the kidney.2,26 Park et al 21 reported
the aging effects on the Phlegm and Yin deficiency
patterns in normal young students. However, our
study results showed that age had an on Yin
deficiency alone, and that the predictive power of
the aging effect was similar to that of tongue color
parameters. Considering Park et al 21 and our study
results, it appears that aging effect on the Yin
deficiency pattern is robust and should be
considered when predicting the Yin deficiency
pattern for patients with gynecological problems as
well as for the normal young population.
Another finding of our study is that the blue of the
TT was a determinant predictor of Yin deficiency,
Phlegm, and Heat patterns. As the TT region is not
covered with tongue coating, the determinant factor
in TT color is blood supply condition. Blood supplySte
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in the TT is carried out through the terminal branches
of the lingual artery.27 The blood of the lingual
capillaries, thereafter, departs from the tongue
substance through the lingual veins and finally flows
together to the internal jugular vein. Liu et al 28
previously studied the relationships between the
hemodynamic characteristics of the TT region and
different TT colors, using photophlethysmographic
study. Liu's study27,28 results showed that peripheral
blood flow rate in the TT was much lower in the blue
tongue group than in the red tongue group, whereas
the coefficient of the dicrotic notch, i.e., the peripheral
vascular resistance-related parameter, in the TT was
higher in the blue tongue color group than in the red
tongue group. Liu's study28 also found that in the pale
tongue color group, blood flow rate was lower than
that in the red tongue color group, whereas no
differences in the coefficient of the dicrotic notch
between the pale and red tongue groups were found.
Considering Liu's study and our study results, it is
possible that in Yin deficiency, Phlegm, and Heat
patterns, decreased blood flow rate and increased
peripheral resistance in the terminal branches of the
lingual arteries hindered oxyhemoglobin from flowing
into the terminal branches of the lingual arteries, and
at the same time, increased peripheral resistance in the
TT region hindered the lingual veins from returning to
the internal jugular vein. Finally, stagnated lingual
venous flowing may have contributed to the shift of
the TT color to 'blueness.' In the Cold pattern, blood
flow rate decreased, whereas venous return was in the
normal condition, and therefore low blood supply
accompanied with normal venous return may have
induced the color shift of RET to 'paleness.' Together
with tongue color determinants, it is not clear which
factor intervened with the regional differences in
tongue color in the four symptom patterns, and
therefore it would be challenging to examine the
hemodynamic mechanism of the lingual arteries in
inducing the regional differences in tongue color,
according to symptom patterns. Criterion validity test
results showed that the decrease in redness of the TC
region was related to the increase in the thickness of
the tongue coating, consistently with Han's study
results.25 However, none of the TC color parameters
were predictive of symptom patterns. For this reason, it
appears that some subjects habitually brushed away the
tongue coating when brushing their teeth, which may
have resulted in the predictive bias of the color
parameters of the TC on the PPQ score.
Although our study results showed that color analysis
of the tongue using the L*a*b* system was both
reliable and valid, and that the color parameters served
as predictors of symptom pattern, the data were
entirely obtained from female subjects with
gynecological problems. Therefore, further studies are
needed to examine the effects of gender and disease
differences.
In conclusion, we proposed a color analysis method
using a mega-pixel digital camera and three sets of
digital imaging software for the purpose of quantifying
traditional TIs. Our study results of 200 female
subjects and three raters showed that the color analysis
method had significant reliability and criterion validity.
In the four hierarchical regression models, age was a
significant predictor of Yin deficiency, and the blueness
of the TT was predictive of Yin deficiency, Phlegm,
and Heat patterns. The dark TT and light RET regions
were predictive of Yin deficiency and Cold patterns,
respectively. Therefore it is concluded that color
analysis of the tongue using the L*a*b* system is
reliable and valid, and that color parameters partially
serve as symptom pattern predictors.
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